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The reaction rate constants of each phase (k+1-k+4) were also estimated. The addition of inositol hexaphosphate to the reaction mixture did not affect the overall reaction. The mechanism of methaemoglobin reduction by NADPH-flavin reductase is discussed on the basis of these results.
Though the characterization of methaemoglobin reduction in human erythrocytes has been well established (Huennekens et al., 1968; Kuma et al., 1976; Sugita et al., 1971; Yubisui et al., 1977) , there are few reports on the changes in intermediate haemoglobins produced during the reaction. Previously we showed that the a3+fl2+ valency hybrid was detected during the oxidation of haemoglobin in glucose-depleted erythrocytes (Tomoda et al., 1978a) and during the reduction of methaemoglobin by ascorbic acid (Tomoda et al., 1978b) . These results showed that the isoelectric-focusing fractionation method is very useful for distinguishing between four haemoglobin derivatives: oxyhaemoglobin, a3+fi2+ and a2+fl3+ valency hybrids and methaemoglobin.
The present paper deals with analysis of the changes in intermediate haemoglobins produced during the enzymic reduction of methaemoglobin by NADPH-flavin reductase, which was purified as a methaemoglobin reductase from human erythrocytes by Yubisui et al. (1977) 
Preparation of NA DPH-flavin reductase NADPH-flavin reductase was purified by the method of Yubisui et al. (1977) from human erythrocytes.
Methaemoglobin reduction by NADPH-flavin reductase
The reaction was initiated by the addition of 40,ul of NADPH-flavin reductase (6.3 mg/ml) to 6 ml solutions containing 2004uM-methaemoglobin (as haem), 90,uM-FMN, 75,uM-NADP+, 7 mM-glucose 6-phosphate, glucose 6-phosphate dehydrogenase (0.013 unit) and catalase (8 units) in the presence or absence of 1 mM-inositol hexaphosphate. Then, 0.5 ml samples were removed at intervals and passed immediately through a Sephadex G-25 (coarse) column (1 cm x 30cm) at 4°C. These samples were applied to Ampholine polyacrylamide-gel plates.
In parallel with this experiment, the overall reaction was followed by measuring the decrease in the A630. I-0-(fl+f2+f3) (1) (2) (3) (4) where f1-f4 are the fractions of each component, namely methaemoglobin, a3+fl2+, a2+fi3+ and oxyhaemoglobin, to total haem. In the reduction of methaemoglobin the steady-state condition can be applied to the concentration of reduced flavin, and the rate-limiting steps will be as indicated in the Scheme. The differential equations for four species of haem molecules can be solved by using appropriate Laplace transformation techniques to yield eqns.
(1)- (3) Fig. 1 shows the semi-logarithmic plots of the changes in absorbance at 630 nm during methaemoglobin reduction by NADPH-flavin reductase. The reaction proceeded by apparent first-order kinetics and no effect of inositol hexaphosphate on the reaction was observed.
Isoelectric-focusing pattern of methaemoglobin reduction by NADPH-flavin reductase Since it is difficult to deduce the changes in intermediate haemoglobin concentrations produced during the reduction of methaemoglobin by the enzyme from the decrease in absorbance shown in Fig. 1 , we studied these changes by isoelectric focusing. As shown in Fig. 2 (Tomoda et al., 1978b ).] Vol. 179 (4) (Huisman, 1966; Chanutin & Curnish, 1966; Bunn & Drysdale, 1971) , there are some conflicting results. Bunn & Drysdale (1971) (Tomoda et al., 1978a) and during reduction of methaemoglobin by ascorbic acid (Tomoda et al., 1978b (2) 27 %]. The differences in the contributions of the two pathways may be explained by the functional non-equivalence between the a; and f-chains in the methaemoglobin tetramer indicated by some authors (Gibson et al., 1969; Klapper & Uchida, 1971; MacQuarrie & Gibson, 1971) .
We have previously found that methaemoglobin reduction by ascorbic acid is accelerated as much as 10 times by the presence of inositol hexaphosphate (Tomoda et al., 1976) , and have showed that this stimulatory effect is restricted to a-chains of the protein (Tomoda et al., 1978a) . Furthermore, it has been observed that reduction of methaemoglobin by reduced glutathione and by cysteine is much accelerated in the presence of inositol hexaphosphate (A. Tomoda, unpublished work). Taketa & Chen (1977) reported that reduction of methaemoglobin by NADH-methaemoglobin reductase is accelerated as much as 5 times by the presenice of inositol hexaphosphate. Therefore the reduction mechanism of NADPH-flavin reductase may well be different from that of various reductants and NA15H-methaemoglobin reductase, because there was little stimulatory effect by inositol hexaphosphate on methaemoglobin reduction by the former enzyme.
